Abstract. Wiratno, Syakir M, Sucipto I, Pradana AP. 2019. Isolation and characterization of endophytic bacteria from roots of Piper nigrum and their activities against Fusarium oxysporum and Meloidogyne incognita. Biodiversitas 20: 682-687. The endophytic bacteria from spices plants have potential as biocontrol agents. Nevertheless, their potential has not been explored. Pepper plant (Piper nigrum L.) is linked with promising endophytic bacteria as biocontrol agents. This study aimed to obtain isolates of endophytic bacteria from root tissues of pepper plant. The isolation of endophytic bacteria was done using surface-sterilization method and using Tryptone Soya Agar (TSA) medium. The result showed that 10 endophytic bacteria were successfully isolated. We found that a total of 9 bacteria were safe for plants and mammals and used for subsequent steps. The selected bacteria showed inhibition activity of Fusarium oxysporum (18.6 to 43.7%). Furthermore, the secondary metabolites of the endophytic bacteria also promoted lethal effects on Meloidogyne incognita (16.6 to 65.8%). The physiological activity also showed that seven isolates were able to produce chitinase, and four (4) isolates were able to produce protease. Additionally, 55.6% of isolates were also able to dissolve phosphorus and fix nitrogen. This study provided fundamental information related to the biocontrol properties of endophytic bacteria isolated from pepper plant roots.
INTRODUCTION
Pepper plant (Piper nigrum L.) is one of the oldest cultivated crops in Indonesia. This plant came originally from State of Kerala, India when many Hindu colonists came to Indonesia. In Indonesia pepper usually used as a spicy and flavouring ingredient for the food industry, and as a constituent of several medicines (Ravindran 2003) . This crop is mainly cultivated in some areas in Indonesia such as the Bangka Belitung Province, Lampung, South Sulawesi Province, and Southeast Sulawesi Province. However, currently, the production of black pepper in Indonesia is facing some problems namely Fusarium oxysporum and Meloidogyne incognita infections (Mustika 2015) .
M. incognita is the cause of the yellowing and wilt disease attacking pepper plant. The initial symptom is slight to general yellowing of leaves. Wilting occurred two to three months after heavy infection is followed by sunny, warm and dry weather (Shahnazi et al. 2012) . In a separate study, Thuy et al. (2012) reported that thirty-five plantparasitic nematodes taxa belonging to 19 genera and 11 families were identified associated with pepper plant in Vietnam. Five taxa of plant-parasitic nematodes were present in all provinces surveyed: Meloidogyne spp., Rotylenchulus reniformis, Tylenchus sp., Aphelenchus avenae, and Ditylenchus ausafi. Meloidogyne spp. was the most abundant taxon present and all the Meloidogyne populations collected were identified as M. incognita.
M. incognita is a sedentary endoparasite that feeds on the vascular system and causes hypertrophy and hyperplasia resulting in series of galls on roots and this gall decay due to secondary infestation by microorganisms such as Fusarium oxysporum, resulting in total loss of root system. Nelson and Cannon-Eger (2009) reported that stem rot and wilt disease of pepper caused by Fusarium has caused extensive damage to some pepper plantations. Shahnazi et al. (2012) asserted that yellowing disease caused by Fusarium spp. is one of the most important diseases of pepper plant. Furthermore, Edkona et al. (2013) reported that F. solani f. sp. piperis is a common causal agent of root rots and stem blight in pepper plant. Nevertheless, F. oxysporum Schl. f. sp. piperis, also was reported as a less common but an important pathogen of pepper plant.
Until now, controlling of Meloidogyne and Fusarium in pepper plant using nematicide and fungicide has instead of not effective but also expensive. Hussain et al. (2017) reported that registration of new chemicals is an immense hurdle for a prospective control of nematode diseases so its not effective way. Starr et al. (2002) asserted that there is no long-term suppression of nematode population densities with the use of nematicides. Additionally, the use of nematicides is frequently cost prohibitive, especially in subsistence agriculture. Furthermore, environmental and human health concerns have resulted in increased restrictions on the use of these toxic materials such that no effective nematicides are legally available for many nematode-crop combinations. Equal with nematicide, fungicides are widely used in horticultural production systems, particularly pepper plant to ensure crop quality and production. However, the use of such fungicides may cause adverse effects to terrestrial and aquatic ecosystems if fungicide residues persist in soil, or if they migrate offsite to surface and ground waters (Wightwick et al. 2010 ). In the separate study, Tasneem et al. (2013) asserted that although the use of fungicide is considered good for increasing yield of crops but it adversely affects the biochemical parameters like protein, carbohydrate, and chlorophyll. Therefore some other means should be used for increasing productivity or some fungicide should be designed which does not harm the crop adversely. One of the ways to prevent the negative effect of pesticide is using biological control. Endophytic bacteria is one of the antagonist organism which usually used in biological control (Ryan et al. 2008) . Edkona et al. (2013) reported that five endophytic bacteria isolates demonstrated significant control over both mycelia growth and spore germination of F. oxysporum. Some of these bacteria might possess additional beneficial plant growth promoting and insecticidal properties for the development of multi-function products in black pepper farming. Nascimento et al. (2015) also suggested that among of 23 endophytic bacteria from tropical Piper sp., two Pseudomonas bacteria that have been isolated have the potential to control Fusarium sp. responsible for root rot disease of black pepper in the Amazon region. In nematode control, Hallmann et al. (2009) showed that the potential of microbial pathogens, endophytes, and antagonists for biological control of Meloidogyne spp. is great when one considers the microbial-based efficacy within a suppressive soil -a soil that totally suppresses nematode multiplication. Hallmann et al. (2009) also reported that endophytic bacteria colonize the internal plant tissue, as do endoparasitic nematodes, which makes them ideal candidates for control of such a pathogen. Chemical control would not be effective if do not know the location of pathogens. Otherwise, endophyte would an effective way although do not know the location of pathogen because they move to internal plant tissue find pathogen itself (Ryan et al. 2008) .
Hence, information related to endophytic bacteria is very important to get endophytic bacteria that has the potential as a bio-control agent of wilt disease caused by M. incognita and F. oxysporum in pepper plant. This research is aim to get the potential endophytic bacteria in pepper plant which have a potential to suppress the growth of both organisms.
MATERIALS AND METHODS

Isolation of endophytic bacteria
Pepper roots are chosen from pepper plants in Lampung, Indonesia which are 2 years old. The roots were washed and then cut into some pieces with the size around 30-40 mm. As much as 1 g root was then surface-sterilized by soaking it in 70% alcohol for 2 min, in 1% sodium hypochlorite (NaOCl) for 2 min and rinsed with sterile distilled water 5 times. The final rinse water was imprinted on 20% Tryptone Soya Agar (TSA) media (HIMEDIA, India) and incubated for 72 hours to ensure complete surface sterilization.
The sterilized roots were then macerated using sterile mortar and pestle, with the addition of distilled water 1:10 (w/v). The suspension (100 µl) was then imprinted on 20% TSA medium and incubated at room temperature for 72 hours. Bacteria with different morphological characters were sub-cultured on 100% TSA media (Mardhiana et al. 2017) .
Morphology of endophytic bacteria
The morphological properties observed were color, form, size, and elevation of isolated bacteria (Munif et al. 2013) .
Gram Test (KOH)
Isolates of endophytic bacteria were placed on object glass containing 1-2 drops of 3% KOH using inoculation loop. The bacteria were thoroughly mixed with 3% KOH. The reaction of Gram-negative (-) was indicated by the presence of mucus in inoculation loop (Gregersen 1978) .
Hypersensitive reaction test
Endophytic bacteria isolates were propagated in TSA media for 48 h. All colonies were harvested using 2 mL sterile distilled water. The suspension was then infiltrated to the lamina Tobacco (varieties Kemloko 3) leaves at the bottom, incubated for 48 h, and observed the occurrence of necrosis on the leaves. The isolates that showed negative reactions (no necrosis observed) were used for further test (Klement and Goodman 1967) .
In vitro hemolysis assay
The bacteria were cultured in blood agar media, incubated for 48 h, and observed their hemolysis zones. Endophytic bacteria isolates that produced toxins α-hemolytic, β-hemolytic, and αβ-hemolytic would form a dark zone, clear zone, and clear-dark zone, respectively. Only bacteria that showed no zone of hemolysis/discoloration media (γ-hemolytic) was selected in subsequent test (Payment et al. 1994 ).
Inhibition of Fusarium oxysporum Growth (In Vitro)
Fusarium oxysporum and endophytic bacteria were cultured on potato dextrose agar (PDA) medium (HIMEDIA, India). The endophytic bacteria were grown at the centre of a petri dish, while F. oxysporum were grown on a quarter part of a petri dish. The experiment was performed in duplicate. F. oxysporum growth leading toward and opposite direction of the bacteria was measured on day 5 using the formula:
Where: P: growth inhibition in percentage (%); R1: the radius of the F. oxysporum without the presence of bacteria (cm); R2: the radius of the F. oxysporum with the tested bacteria (cm) (Munif et al. 2015) .
Nematicidal activity against Meloidogyne incognita
Endophytic bacteria isolates were cultured in 100 mL of TSB medium, shaken at 100 rpm for 24 h, and centrifuged at 6500 rpm. The supernatant was filtered using millipore Ø 12.25 mm and a pore size of 0.2 µm. The filtered supernatant was used to test the ability of isolates of endophytic bacteria against nematode mortality. A total of 50 M. incognita was incorporated into 5 mL suspensions containing 50% of secondary metabolites. The suspensions were stored at room temperature and the percentage of mortality was observed after 24 h. The experiment was carried out in triplicate (Oliveira et al. 2007 ).
Production of fluorescent compounds
Production of fluorescent compounds by endophytic bacteria was tested with King's B medium with the following composition: peptone (20 g), K2HPO4 (1.5 g), MgSO4 (1.5 g), glycerol (15 mL), agar (15 g), and distilled water (1000 mL). Bacteria were scratched on the media and incubated for 2 days. Production of fluorescent compounds was observed by putting the petri dish under ultraviolet light (360 nm) (Gould et al. 1985) .
Chitinolytic activity
Bacterial isolates were cultured in tryptone soya broth (TSB) medium and shaken for 24 h at 100 rpm. Sterile filter paper (Ø 0.5cm) was placed on media chitin 1%, with a composition of bacteriological agar (15 g), glucose (5 g), peptone (2 g), colloidal chitin (10 g), K2HPO4 (0.5 g), MgSO4 (0.5 g), NaCl (0.5 g ) in 1 l of distilled water. A total of 0.05 mL cultures were inoculated on filter paper, and the cultures were incubated at room temperature for 72-96 h. Chitinolytic activity was indicated by the formation of a clear zone around bacterial colonies (Quecine et al. 2008) .
Proteolytic activity
Liquid culture isolates were inoculated on sterile filter paper in skim milk agar (SMA) medium containing 900 mL TSAsterile, 100 mL of sterile skim milk (concentration of 10%). Incubation was performed at room temperature for 24-72 h. Proteolytic activity was indicated by the formation of a clear zone around bacterial colonies (Sessitsch et al. 2004 ).
Phosphate solubilization
Sterile filter paper was placed on Pikovskaya's medium. Isolates were inoculated on the filter paper, incubated for 48 h at 30 °C, and observed the appearance of transparent "halos" (Taurian et al. 2010) .
Nitrogen fixation
The isolates were inoculated in a tube containing NFB semi-solid media and incubated for 4-7 days until the media colour change from greenish to bluish and the appearance of pellicles were observed (Elbeltagy et al. 2001) .
RESULTS AND DISCUSSION
Endophytic bacteria isolates
A total of 16 endophytic bacteria were isolated from the roots of pepper plant. Each isolate has a distinct colony character. Hypersensitivity test showed that 9 isolates indicated negative necrotic symptoms on the Tobacco leaves. Additionally, hemolysis test exhibited that all of the 9 isolates did not produce hemolysis toxins (Table 1) .
A hypersensitivity reaction is the plant response to emerging pathogens in plant tissue, which is an attempt to inhibit the growth of pathogens. It is influenced by HRP gene commonly found in plant pathogenic Gram-negative bacteria, such as Xanthomonas sp (He et al. 1993 ). Furthermore, hypersensitivity reaction is a part of the cell death program that is very fast and localized. The cellular membrane of Tobacco leaves that have contact with pathogenic bacteria is destroyed, dried, and necrosis. Such responses show that the bacteria have potential as plant pathogens (Klement and Goodman 1967) . The isolates with positive reaction were potential as pathogens in plants, thus these isolates were not used in further testing. Bacteria that showed no necrotic symptoms were used for safety tests using blood agar. The results demonstrated that all isolates of endophytic bacteria were safe for mammals because they did not produce hemolytic toxins. This finding was fundamentally related to high toxicity of α-hemolysis against granulocytes, monocytes, and lymphocytes of human (Herlax and Bakas 2002) .
Suppression F. oxysporum and M. incognita pathogens by endophytic bacteria
The results of in vitro study showed that all endophytic bacteria isolates were able to suppress the growth of pathogenic fungi. The growth of F. oxysporum treated with endophytic bacteria was inhibited 24.4% (End2), 23.15% (End4), 20.35% (End5), 43.7% (End6), 18.6% (End7), 37.75% (End8), 29.4% (End9), 28.95% (End10), and 32.8% (End11) (Figure 1 ). This finding suggests that endophytic bacteria isolated from pepper plants have potentiality as biocontrol agents for controlling pathogenic fungi, especially F. oxysporum. The secondary metabolite of endophytic bacteria isolates also demonstrate antagonism effects on nematode populations. The suspension containing 50% of secondary metabolites of endophytic bacteria deactivates 31.75% (End2), 30.45% (End4), 34.1% (End5), 65.8% (End6), 30.75% (End7), 37.75% (End8), 16.55% (End9), 53.6% (End10), and 28.55% (End11) of M. incognita (Figure 2) .
The endophytic bacteria can suppress pathogens growth through several mechanisms, either directly or indirectly. Endophytic bacteria directly inhibit the growth of pathogens through antibiosis mechanism, enzyme production, and the production of volatile compounds that are toxic to pathogens (Reinhold-Hurek and Hurek 2011). Production of antibiotic compounds also contributes to mortality of J2 M. incognita and suppresses the growth of pathogenic fungi. Antibiosis is an important mechanism used by biocontrol agents in suppressing soil-borne pathogens. For indirect mechanism, endophytic bacteria can induce plant resistance (Compant et al. 2005) .
In vitro antagonism of biocontrol agents was also reported to effectively suppress the rate of pathogen infection in the host plants. Ashoub and Amara (2010) reported that endophytic bacteria that could inhibit J2 M. incognita in vitro were also effective in suppressing root damage due to infection with M. incognita on experiments in the greenhouse. These results indicate that endophytic bacteria isolates obtained in this study are considerable for suppressing infections of F. oyxsporum and M. incognita on pepper plants.
Physiological characteristics of endophytic bacteria
Biocontrol agents are able to control pathogens and stimulate plant growth through several mechanisms, such as antibiosis ability, hydrolysis of chitin, protein, and lipids, production of cyanide (hydrogen cyanide/HCN), phosphate solubilization (P), and fixation of nitrogen (N2). The results were demonstrated that 3 isolates (End 8, 10 and End 11) of endophytic bacteria showed fluorescence at media Kings B, and 7 isolates (End 2, 4, 5, 6, 7, 8, 10 and End 11) of the bacteria were able to produce chitinase, and 4 isolates (End 6, 8, 10, and End 11) were able to produce protease. In addition, 5 isolates (End 6, 7, 8, 9 , and End 10) of the bacteria were able to fix nitrogen and dissolve phosphate ( Table 2) .
The ability of biological agents in producing antagonistic compounds is influenced by genetic and environmental factors. Although the biological agents have genes that regulate the production of a particular enzyme, such enzyme is not produced due to the absence of environmental supports. Conversely, though the environmental condition is supportive for the enzyme production, the enzyme is not produced because of the absence of gene (Hardoim et al. 2008) . 
Treatment
Protease is an enzyme that is able to break peptide bonds in protein, and divided into two types based on the position of the peptide bonds: endopeptidase and exopeptidase. Endopeptidase catalyses the breakdown of peptide bonds in a polypeptide chain, while exopeptidase is account for the breakdown of peptide bonds at the end of the polypeptide chain. Decomposition of protein is more complicated than that of carbohydrates because of high complexity of protein structures (Kerry 2000; Compant et al. 2005) .
Extracellular protease enzyme that is produced by endophytic bacteria plays an important role in controlling some types of plant pathogens. Bonants et al. (1995) reported that the protease enzyme produced by Paecilomyces lilacinus could inhibit egg hatch of nematode Meloidogyne hapla. Khatamidoost et al. (2015) found that the production of extracellular protease enzymes by bacteria is one of the mechanisms to control nematodes Meloidogyne spp.
In addition, endophytic bacteria also can suppress pathogens growth through production of chitinase. The enzymes hydrolyze β-1,4 bonds between N-acetyl glucosamine (NacGlc) on chitin which is a polysaccharide polymer of the cell wall of fungi and nematodes (Quecine et al. 2008) . Plants also produce chitinase enzyme as responses to pathogen infections. The chitinase produced at infection by pathogens was classified as pathogenesisrelated protein (PR-proteins), which were grouped into PR-3, PR-4, PR-8 and PR-11. Besides known to be effective as the one which is able to control plant pathogens, this enzyme is also known as environmentally friendly when compared with the use of synthetic chemical pesticides (Van Loon et al. 2006; Hamamouch et al. 2011) .
Chitinase enzyme has an important role in nematode control because the enzyme is capable of degrading the middle layer of M. javanica nematode eggs, R. reniformis, Tylenchulus semipenetrans, Pratylenchus sp., H. schactii and Heterodera glycines (Oka et al. 2000; Howell 2003 ). On the other hand, chitinase could inhibit egg hatch Globodera rostochiensis up to 70%, and control populations of M. incognita nematode (Cronin et al. 1997; Jung et al. 2002) .
The endophytic bacteria not only suppress pathogen growth but also promote plant growth. According to previous studies, the plausible mechanism of plant growth promoting bacteria in improving the plant growth is the production of IAA, nitrogen fixation and phosphate solubilisation (Compant et al. 2005) . Nitrogen is needed for the development of Tomato plants. Endophytic bacteria can be used as an effective method to increase the nitrogen availability for the plants. Some types of endophytic bacteria in symbiosis with plants to fix nitrogen from the atmosphere (James 2000). Elbeltagy et al. (2001) successfully isolated endophytic bacteria from wild rice. The isolated bacteria showed their ability of nitrogen fixation. The bacteria were then inoculated on rice seedlings. Rice seedlings treated with endophytic nitrogenfixing bacteria showed better growth than the control.
The phosphorus is considered one of the most important nutrients elements for plant growth and the plant demands of the phosphor element can be covered by using phosphorus-dissolving endophytic bacteria (Hao et al. 2006) . Such bacteria assist in providing phosphorus for plants. Phosphorus and nitrogen are required by plants for seed formation. There only 0.1% of phosphorus in nature is usable by plants and microbes, while the remains are in bounded form and unusable (Karathanasis and Shumaker 2009) . Phosphate solubilizing bacteria are known to produce organic acids, such as citric acid, glutamate, succinate, lactate, oxalate, glyoxalate, malate, fumarate, tartrate, and alpha-Ketobutyric acid. Such organic acids have an important role in solubilizing phosphate that is difficult to dissolve in the medium and in the soil (Rashid et al. 2004; Chen et al. 2006) . Bacteria from Burkholderia cepacia that do not produce IAA demonstrated the ability to dissolve the phosphorus, which significantly increases the growth of plants of Tomato, Onions, Potatoes, Bananas, Oranges, and Coffee (Zaidi et al. 2009; Sharma et al. 2013) . Therefore, phosphate solubilizing bacteria are currently widely used as a biological fertilizer in Cuba (RodrıǴuez and Fraga 1999) .
In conclusion, this study found nine (9) endophytic bacteria isolates from pepper plant that were safe and potential to be used as the biocontrol agent against F. oxysporum and M. incognita. The bacteria could produce such enzymes as protease (4 isolates) and chitinase (7 isolates), play roles in nitrogen fixation (5 isolates) and phosphate solubilisation (5 isolates). On the basis of the results, it is concluded that all isolates are valuable candidates for the development of broad spectrum biopesticides for controlling phytopathogenic fungi (F. oxysporum) and nematodes (M. incognita). More work is required on product development of all isolates in order to improve their bio-control efficiency and thus provide farmers with a better and reliable product towards phytopathogenic fungi and nematodes management.
